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(54) Image forming apparatus 

(57) An image forming apparatus comprises a pho- 
tosensitive member, an exposure means comprises a 
single-chip light emission element array formed by inte- 
grating a plurality of light emitting elements in a single 
chip which exposure means executes the exposure in 
the main scanning direction relative to the movement of 

FIG. 



the photosensitive member, by the light emission from 
the single-chip light emission element array, and a 
developing means provided around the photosensitive 
member. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to an image forming apparatus such as an electrophotographic copying appara- 
tus, and more particularly to an image forming apparatus having a linear array of a plurality of photosensitive members 
and utilizing such photosensitive members in independent manner, thereby forming cyan, magenta, yellow and black 
images respectively corresponding to the photosensitive members and synthesizing these images to form a color 
image. 

Related Background Art 

10002] There is already known a laser beam image forming apparatus, in which laser light sources are provided as 
image exposure means respectively corresponding to four electrophotographic photosensitive members arranged in a 
linear array and are controlled respectively corresponding to the image information of cyan, magenta, yellow and black 
colors to form electrostatic latent images respectively corresponding to the cyan, magenta, yellow and black colors on 
the four electrophotographic photosensitive members, then such electrostatic latent images are respectively developed 
and the developed images are synthesized to obtain a color image. 

[0003] Also there is known an LED light image forming apparatus in which four LED's are provided respectively cor- 
responding to the photosensitive members, as the light sources for forming the electrostatic latent images of cyan, 
magenta, yellow and black colors, in place for the laser beam sources in the above-mentioned image forming appara- 
tus. 

[0004] In the aforementioned laser beam image forming apparatus, in order to synthesize the images of cyan, 
magenta, yellow and black colors in mutually registered manner, it is required to exactly match the scanning operations 
of the four laser light sources, provided respectively on the four photosensitive members, securely in the main and sub 
scanning directions, but in practice it is difficult to exactly match the four laser lights in the main and sub scanning direc- 
tions. 

[0005] On the other hand, in the above-mentioned LED light image forming apparatus, it is relatively easy to meet the 
above-described requirements of matching in the main and sub scanning directions, but such apparatus is even more 
expensive since a plurality of expensive LED chips have to be jointed in a linear array to obtain a jointed LED element. 
Besides, since the LED chips fluctuate in the light emission characteristics, the image reproducibility is deteriorated in 
the main scanning exposure direction, relative to the movement of the photosensitive member, to be exposed by the 
above-described jointed LED element, because the exposure condition differs for each LED chip. 
[0006] Also in the electrophotographic copying apparatus capable of forming a color image, the above-described 
jointed LED element has to be provided for each of the plurality of photosensitive members, and the light emission char- 
acteristics become different among the plurality of jointed LED elements corresponding to the plurality of photosensitive 
members. Consequently, there emerges a difficult requirement of matching the light emission characteristics among 
such jointed LED elements. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to resolve the fluctuation in the light emission characteristics in the main 
scanning direction, encountered in the image forming apparatus, particularly electrophotographic copying apparatus, 
employing a jointed LED element as the exposure device. 

[0008] Another object of the present invention is to resolve the fluctuation in the light emission characteristics among 
the plurality of jointed LED elements, encountered in the color image forming apparatus employing a plurality of photo- 
sensitive members and exposure devices consisting of a plurality of jointed LED elements provided respectively corre- 
sponding to the photosensitive members. 

[0009] The above objects can be achieved by the present invention described below. 

[001 0] According to the present invention there is provided an image forming apparatus comprising: a photosensitive 
member; an exposure means including a single-chip light emission element array formed by integrating a plurality of 
light emitting elements in a single chip which exposure means executes the exposure in the main scanning direction 
relative to the movement of the photosensitive member, by the light emission from said single-chip light emission ele- 
ment array; and a developing means provided around said photosensitive member. 

[0011] According to the present invention there is also provided an image forming apparatus comprising: a plurality 
of photosensitive members provided mutually independently; an exposure means including a plurality of single-chip 
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light emission element arrays obtained by forming, on a single substrate, a plurality of light emission element arrays 
each consisting of a plurality of light emitting elements and separating each of said plurality of light emission element 
arrays, and constructed by positioning said plurality of single-chip light emission element arrays respectively corre- 
sponding to said plurality of photosensitive members; and a plurality of developing means provided respectively around 
s said plurality of photosensitive members. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

10 

Fig. 1 is a cross-sectional view of an image forming apparatus according to the present invention. 

Fig. 2 is a block diagram of an exposure unit employed in the image forming apparatus according to the present 

invention. 

Fig. 3 is a perspective view of a single-chip light emission element array formed on a single substrate employed in 
is the present invention. 

Fig. 4 is a cross-sectional view of the light emission element array employed in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 [001 3] The present invention is firstly featured by an image forming apparatus provided with a photosensitive member, 
exposure means having a single-chip light emission element array formed by integrating a plurality of light emission ele- 
ments in a single chip and adapted to execute the entire exposure in the main scanning direction (with a main scanning 
distance D) relative to the movement of the photosensitive member by the light emission from the single-chip light emis- 
sion element array, and developing means provided around the photosensitive member. 

25 [001 4] The present invention is secondly featured by an image forming apparatus provided with mutually independent 
photosensitive members, a plurality of single-chip light emission element arrays each of which consists of integrated 
light emission elements and is obtained by forming light emission element arrays, each consisting of such plurality of 
light emission elements, in a plurality of rows on a single substrate and mutually separating such plurality of rows of the 
light emission element arrays, and a plurality of developing means provided respectively around the plurality of photo- 

30 sensitive members. 

[001 5] In a first preferred embodiment of the present invention, the light emission element is an organic light emission 
element. 

[0016] In a second preferred embodiment of the present invention, the photosensitive member is an organic or inor- 
ganic electrophotographic photosensitive member. 
35 [001 7] In a third preferred embodiment of the present invention, the above-described mutually independent photosen- 
sitive members are respectively shaped as drums and are arrayed linearly. 

[0018] In a fourth preferred embodiment of the present invention, the plurality of single-chip light emission element 
arrays, provided respectively corresponding to the plurality of photosensitive members, are independently connected to 
first drive means for driving cyan image information for forming a cyan image, second drive means for driving magenta 
40 image information for forming a magenta image, and third drive means for driving yellow image information for forming 
a yellow image. 

[0019] in a fifth preferred embodiment of the present invention, the plurality of single-chip light emission element 
arrays, provided respectively corresponding to the plurality of photosensitive members, are independently connected to 
first drive means for driving cyan image information for forming a cyan image, second drive means for driving magenta 

45 image information for forming a magenta image, third drive means for driving yellow image information for forming a yel- 
low image, and fourth drive means for driving black image information for forming a black image. 
[0020] In a sixth preferred embodiment of the present invention, the plurality of developing means comprise first devel- 
oping means for forming a cyan image, second developing means for forming a magenta image, and third developing 
means for forming a yellow image which are independently operable each other. 

so [0021] In a seventh preferred embodiment of the present invention, the plurality of developing means comprise first 
developing means for forming a cyan image, second developing means for forming a magenta image, third developing 
means for forming a yellow image, and fourth developing means for forming a black image which are independently 
operable each other. 

[0022] In an eighth preferred embodiment of the present invention, the chip length of the single-chip light emission 
55 element array is so selected that the entire main scanning length, relative to the movement of the photosensitive mem- 
ber, can be exposed with such single-chip array. 

[0023] In a ninth preferred embodiment of the present invention, the photosensitive members are respectively in the 
form of a drum having the same diameter. 
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[0024] In a tenth preferred embodiment of the present invention, the photosensitive members are composed of a 
same photosensitive layer. 

[0025] Now, the present invention will be clarified in detail by preferred embodiments, with reference to the attached 
drawings. Fig. 1 is across-sectional view of a color electrophotographic copying apparatus, which is the image forming 

5 apparatus of the present invention. 

[0026] In the illustrated color copying apparatus, a printing medium such as paper is housed in a cassette 6 and is 
fed to a transport unit from the cassette 6, along the progress of an image forming operation (hereinafter also called 
printing operation). A conveyor belt 31 , being supported between a driving roller 35 and two idler rollers 36 and 37, con- 
stitutes a transport unit and is rendered capable of motion between the roller 35 and the rollers 36 and 37, in a direction 

w indicated by an arrow A under the belt 31 , as the driving roller 35 is rotated by a motor 38. 

[0027] Along the conveyor belt 31 , there are provided four image forming units Pa, Pb, Pc and Pd of a similar struc- 
ture. The configuration of such units will be briefly explained in the following, taking the image forming unit Pa for the 
first color as an example. 

[0028] In the image forming unit Pa, a cylindrical photosensitive member or a photosensitive drum 1a, rotating in a 
15 direction of an arrow B, is provided in the vicinity of the conveyor belt 31. In the course of rotation of the photosensitive 
drum 1a, a photosensitive layer provided on the surface thereof is uniformly charged by a primary charger 4a, consist- 
ing of a contact charger. Then, the charged photosensitive layer is exposed to a light image of the yellow component of 
the original image, by the light emission from exposure means 8a consisting of the aforementioned single-chip light 
emission element array adapted to irradiating the entire main scanning area of the photosensitive drum, thereby form- 
20 ing an electrostatic latent image of the yellow component. The portion bearing such electrostatic latent image moves in 
succession by its rotation to the position of a yellow developing unit 2a and is rendered visible therein by image devel- 
opment with yellow toner supplied from the yellow developing unit 2a. 

[0029] The yellow toner image reaches, by the rotation of the photosensitive drum 1 a, a transfer position correspond- 
ing to a corona charger 3a, opposed to the drum 1a across the conveyor belt 31. In synchronization, the printing 
25 medium is transported to the transfer position by the conveyor belt 31 . Subsequently a transfer bias voltage is applied 
to the corona charger 3a, whereby the yellow toner image borne on the photosensitive drum 1a is transferred onto the 
printing medium along the rotation of the photosensitive drum 1 . 

[0030] With the rotation of the photosensitive drum 1a. the toner remaining therein is eliminated by a cleaning unit 
(not shown), whereby the photosensitive drum is readied for entering the next image forming cycle. On the other hand. 
30 the printing medium bearing the transferred yellow toner image is transported by the conveyor belt 31 to the printing 
portion composed of the image forming unit Pb of the second color. 

[0031 ] The image forming unit Pb of the second color has a configuration similar to that of the image forming unit Pa 
of the first color, wherein the exposure of the light image of the magenta component of the original image is executed 
by the light emission from the exposure means 8b employing the single-chip light emission element array in a similar 

35 manner as explained above to form an electrostatic latent image of the magenta component. Then the latent image is 
developed with magenta toner to obtain a magenta toner image which is transferred, in a transfer position, onto the 
printing medium in superposition with the yellow toner image formed previously. Similarly, in the course of transportation 
of the printing medium, electrostatic latent images of cyan component and black component are formed in the image 
forming units Pc and Pd by the light emissions from the exposure means 8c and 8d consisting of the single-chip light 

40 emission element arrays, and a cyan toner image and a black toner image respectively formed in these unite are trans- 
ferred in superposition, whereby a color image consisting of superposed four color toner images is obtained on the 
printing medium. 

[0032] As in the image forming unit Pa of the first color, the image forming units Pb, Pc and Pd of the second, third 
and fourth colors are provided respectively with photosensitive drums 1b, 1c and 1d; magenta, cyan and black devel- 
45 oping units 2b, 2c and 2d; corona chargers 3b, 3c and 3d; and primary chargers 4b, 4c and 4d consisting of contact 
chargers. 

[0033] After having passed through the processes in the image forming units Pa, Pb, Pc and Pd, the printing medium 
bearing the toner images of four colors is further transported, then subjected to charge elimination by a corona separa- 
tor 7, separated from the conveyor belt 31 and is transferred to a fixing unit 5 provided with a fixing roller 51 and a pres- 
50 sure roller 52 positioned in a pair. The transferred toner images are fixed by pressurization and heating in a nip portion 
of the rollers 51 and 52 which are normally heated to a predetermined temperature. Subsequently the printing medium 
is discharged from the copying apparatus. 

[0034] Fig. 2 is a block diagram showing the details of the image forming units Pa, Pb, Pc and Pd shown in Rg. 1 . 
[0035] In the image forming units Pa, Pb, Pc and Pd, the exposure means 8a, 8b, 8c and 8d positioned respectively 
55 corresponding to the photosensitive drums 1a, 1b, 1c and 1d are provided respectively with a light emission element 
array 200a for yellow, a light emission element array 200b for magenta, a light emission element array 200c for cyan 
and a light emission element array 200d for black, which are respectively connected a yellow signal drive circuit (IC) 
202a, a magenta signal drive circuit (IC) 202b, a cyan signal drive circuit (IC) 202c and a black signal drive circuit (IC) 



4 




EP 0 916 506 A2 

202d through wiring units 201a, 201b, 201c and 201d including lead wires arranged with a high density, whereby each 
light emission element is controlled in a light emitting state or a light non-emitting state by the function of the drive cir- 
cuit. Thus, the light emitting operations of the light emission element arrays are controlled according to the image sig- 
nals from a yellow signal generation circuit 204a, a magenta signal generation circuit 204b, a cyan signal generation 

5 circuit 204c and a black signal generation circuit 204d. The light emitting elements employed in the above-mentioned 
yellow, magenta, cyan and black light emission element arrays 200a, 200b. 200c and 200d form a linearly arrayed mem- 
ber (an arrayed member on a row or a column) with a high resolution of, for example, 1 ,200 dpi. 
[0036] A counter electrode provided in each of the yellow light emission element array 200a, magenta light emission 
element array 200b, cyan light emission element array 200c and black light emission element array 200d is utilized as 

10 a common electrode, and the timing of respective driving operations is controlled by a yellow common drive circuit 
203a, a magenta common drive circuit 203b, a cyan common drive circuit 203c and a black common drive circuit 203d. 
The common driving operations, as well as the yellow, magenta, cyan and black image signals, are controlled by an 
image information processing unit 205 in a CPU (not shown). 

[0037] For each of the yellow light emission element array 200a, magenta light emission element array 200b, cyan 
15 light emission element array 200c and black light emission element array 200d of the present invention, there is 
employed a single-chip (one-chip) light emission element array so positioned as to cover the entire main scanning dis- 
tance D in the main scanning direction relative to the rotating displacement of the photosensitive drum 1 a, 1 b, 1 c or 1 d. 
In each of these arrays 200a, 200b, 200c and 200d, light emitting elements are integrated on a single chip with a high 
resolution in excess of 600 dpi, such as 1 ,200 dpi or even higher, so that the single chip covers the entire main scanning 
20 distance D of the photosensitive member. 

[0038] In a preferred embodiment of the present invention, the above-described single-chip light emission element 
arrays employed in the yellow, magenta, cyan and black light emission element arrays 200a, 200b, 200c and 200d are 
formed on a single substrate and are then cut into four units as will explained in the following. 
[0039] In Fig. 2, arrows C indicate the sub scanning direction of the rotating photosensitive members. The photosen- 
25 sitive drums 1a, 1b, 1c and 1d are composed of aluminum pipes of a same diameter (for example a diameter of 60, 30 
or 20 cm) and are provided with a same organic photoconductive layer or an a-Si photosensitive layer, so that they have 
a same moving speed in the sub scanning direction C. 

[0040] Fig. 3 is a perspective view of a single-chip light emission element array substrate 300 provided on a single 
glass substrate 303 at a prior step in which single-chip light emission element arrays 301 employed in the above- 
30 described yellow, magenta, cyan and black light emission element arrays 200a, 200b, 200c and 200d shown in Fig. 2 
have not been cut into four arrays along separation lines 302. 

[0041] The glass substrate 303 to be employed in the present invention may have any size as long as the light emis- 
sion element arrays can be formed in a single chip. 

[0042] Fig. 4 is a cross-sectional view of the single-chip light emission element array 301 in the longitudinal direction 
35 thereof, in the single-chip light emission element array substrate 300 on the glass substrate 303 shown in Fig. 3. Each 
light emitting element is composed of a segment electrode 403, a counter electrode 402 and a light emitting layer 401 
provided between the paired electrodes 402 and 403. In a preferred configuration, an insulating layer (not shown) can 
be provided between the segment electrode 403 and the light emitting layer 401 or between the counter electrode 402 
and the light emitting layer 401 . As explained in the foregoing, the counter electrode 402 is used as a common electrode 
40 for applying a common signal, while the segment electrode 403 is used as an information signal electrode for applying 
an image signal. The light emitting elements on a single substrate are covered by a protective layer 404, and a sealant 
405 is provided for mutually separating the light emitting elements. 

[0043] The light emitting layer 401 of the light emitting elements of the present invention is preferably composed of an 
organic electroluminescent (EL) light emitting element, but it can also be composed of an inorganic EL element. 
45 [0044] In the following there will be explained examples of the organic EL that can be employed in the present inven- 
tion. 

[0045] Examples of the materials constituting the organic EL to be employed in the present invention include those 
disclosed in EP-A-349,265 (1990) assigned to Scozzafava; U.S. Patent No. 4,356,429 assigned to Tang.; U.S. Patent 
No. 4,539,507 assigned to VanSlyke et al.; U.S. Patent No. 4,720.432 assigned to VanSiyke et al.; U.S. Patent No. 

50 4,769,292 assigned to Tang et al.; U.S. Patent No. 4,885,211 assigned to Tang et al.; U.S. Patent No. 4,950,950 
assigned to Perry et al.; U.S. Patent No. 5,059,861 assigned to Uttman et al.; U.S. Patent No. 5,047,687 assigned to 
VanSlyke; U.S. Patent No. 5,073,446 assigned to Scozzafava et al.; U.S. Patent No. 5,059,862 assigned to VanSlyke et 
al.; U.S. Patent No. 5,061 ,61 7 assigned to VanSlyke et al. ; U.S. Patent No. 5,151 ,629 assigned to VanSlyke; U.S. Patent 
No. 5,294,869 assigned to Tang et al.; and U.S. Patent No. 5,294,870 assigned to Tang et al. 

55 [0046] The EL layer is composed of an organic hole injection/transfer layer in contact with an anode, and an electron 
injection/transfer layer which forms a junction with the organic hole injection/transfer layer. The hole injection/transfer 
layer is formed by a single material or plural materials, and is composed of a hole injection layer which is in contact with 
an anode and with a continuous hole transfer layer provided between the hole injection layer and an electron injec- 
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tionAransfer layer. Similarly the electron injection/transfer layer is formed by a single material or a plurality of materials, 
and is composed of an electron injection layer which is in contact with the anode and with a continuous electron transfer 
layer provided between the electron injection layer and the hole injection/transfer layer. The hole-electron recombination 
and luminescence take place in the electron injectionAransfer layer, adjacent to the junction between the electron injec- 
5 tionAransfer layer and the hole injection/transfer layer. The compound constituting the organic EL layer is typically 
deposited by evaporation, but it can also be deposited by other known methods. 

[0047] In a preferred embodiment, the organic material constituting the hole injection layer has the following general 
formula: 




wherein: 



25 



30 



Q is N or C-R, in which R is an alkyl radical such as methyl or ethyl); 
M is a metal atom, a metal oxide or a metal halide; 

T1 and T2 are independently each other a hydrogen atom, an alkyl radical or a radical of an unsaturated six-mem- 
bered ring which is unsubstituted or substituted by a substituent such as a halogen atom. A preferred alkyl radical 
may contains 1 to 6 carbon atoms and a preferred radical of the unsubstituted unsaturated six-membered ring may 
be an aryl radical such as a phenyl radical. 

[0048] In a preferred embodiment, the hole transfer layer is composed of an aromatic tertiary amine, of which a pre- 
ferred sub class includes tetraaryldiamine represented by the following formula: 



35 



40 



45 



\ / 

N— Area— N 

/ \ 
AR R> 



wherein Are is an arylene radical; n is an integer of from 1 to 4; and AR, R 7 , R 8 and R 9 are independently each other 
selected aryl radicals. In a preferred embodiment, the luminescent electron injection/transfer layer contains a metal oxi- 
noid compound, of which preferred examples are represented by the following general formula: 



50 



55 




►Al-O— Al 




wherein R 2 to R 7 respectively mean possible substituents. In another preferred embodiment, the metal oxinoid com- 
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75 wherein R 2 to R 7 have the same meaning as defined above; and to L5 represent independently each other a hydro- 
gen atom or a hydrocarbon radical containing 1 to 12 carbon atoms, and L 1 and L 2 or L 2 and L 3 together may form a 
fused benzo ring. In another preferred embodiment, the metal oxinoid compound is represented by the following for- 
mula: 



20 
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30 
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40 



45 



50 



55 




wherein R 2 to R 6 respectively represent a hydrogen atom or a possible subst'rtuent. The examples described above 
merely represent the preferred organic material that can be employed in the electroluminescent layer. Such examples 
are not intended to limit the scope of the present invention but merely designate the organic electroluminescent layer in 
general sense. As will be understood from the foregoing examples, the organic EL material contains a coordinate com- 
pound having an organic ligand. 

[0049] The segment electrode 403 to be employed in the light emitting element of the present invention can be com- 
posed of reflective metal such as aluminum, silver, zinc, gold or chromium, and the counter electrode 402 can be com- 
posed of a transparent conductive film such as Indium Tin Oxide (ITO) or tin oxide. 

[0050] The sealant 405 to be employed in the present invention can be composed of inorganic insulating substance 
such as silicon oxide or silicon nitride, or organic insulating resin such as epoxy resin. Also the protective film 404 to be 
employed in the present invention can be composed of a film of an inorganic insulating substance such as silicon oxide 
or silicon nitride, or organic insulating resin such as epoxy resin. 

[0051] In the image forming apparatus of the present invention, the photosensitive layer of the photosensitive mem- 
bers 1a, 1b, 1c and 1d can be composed of an organic photoconductive substance such as photosensitive benzoxa- 
zols, photosensitive benzothiazols or photosensitive triphenylamines, or an inorganic photoconductive substance such 
as photosensitive amorphous silicon (a-Si), photosensitive amorphous silicon-germanium (a-SiGe) alloys or photosen- 
sitive amorphous silicon carbide (a-SiC). 

[0052] On the element prepared in the above-described manner, the protective film (404) was prepared by sputtering 
silicon nitride in a thickness of 150 nm. The steps from the formation of the organic layer to the formation of the protec- 
tive layer were executed in a same vacuum chamber. 

[0053] As the anode of the organic LED there is preferably used a material with a large work function, and may be 
used, in addition to ITO employed in the present embodiment, for example, tin oxide, gold, platinum, palladium, sele- 
nium, iridium or copper iodide. 

[0054] On the other hand, as the cathode there is preferably used a material with a small work function, and may be 
used, in addition to Mg/Ag employed in the present embodiment, for example, Mg, Al, Li, In or alloys thereof. 
[0055] As to the hole transport layer there may be used, in addition to TPD, any of the organic substances shown in 
the following Table 1 . 
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[0056] In addition to such organic substances, there may also be employed an inorganic substance such as a-Si or 
a-SiC. 

[0057] As to the electron transport layer there may be used, in addition to Alq 3 , any of the substances shown in the 
following Table 2. 

5 [0058] Also the electron transport layer or the hole transport layer may be doped with a dopant dye shown in the fol- 
lowing Table 3. 

[0059] The material constituting the organic LED desirably has a light emission spectrum matching the sensitivity of 
the photosensitive drum to be used. 

10 Example: 

[0060] On a glass substrate 303 of 230 mm x 40 mm x 0.7 mm, a metal mask with a line width of 50 pm and a line 
pitch of 80 >im was placed and ITO was sputtered with a thickness of 100 nm to form the anode 403. The transparent 
substrate was then subjected to UV ion rinsing treatment for 30 minutes at 150°C. 

is [0061] Then, N.N'-bisCS-methylphenyO-N.N'Kjiphenyl-fl.V-biphenyH^'-diamine (hereinafter represented as TPD) 
as the hole transport layer and tris(8-quinolynol)aluminum (hereinafter represented as Alq 3 ) as the electron transport 
layer were deposited by vacuum deposition with respective thicknesses of 50 nm in this order. The vacuum deposition 
was executed under vacuum of 1 x 10* 6 torr and with a film forming rate of 0.3 nm/sec. The organic layer 401 was 
formed in the above-explained manner. 

20 [0062] Then, a metal mask with a line width of 40 >im was placed and Mg and Ag were codeposited with a deposition 
rate ratio of 1 0 : 1 , whereby a Mg/Ag alloy (Mg:Ag=1 0:1) was deposited with a thickness of 200 nm to form the cathode 
402. The film forming rate was 1 nm/sec. 

[0063] The single-chip light emission element array substrate 300 prepared in this manner was then cut along the 
separation lines 302 shown in Fig. 3 to obtain four single-chip light emission element arrays 301 each having a size of 
25 230 mm x 10 mm. Then a cover glass of a dimension of 220 mm x 5 mm x 0.5 mm was placed on the elements and 
was sealed with epoxy resin. 

[0064] The steps from the cutting to the sealing were executed in a nitrogen atmosphere. 

[0065] The single-chip light emission element array thus prepared was connected to a driver and was given a DC volt- 
age, with the positive side at the ITO electrode and the negative side at the Mg/Ag electrode, whereby green light was 
30 emitted from the intersection of the ITO electrode and the Mg/Ag electrode. 

[0066] The four single-chip light emission element arrays thus prepared were measured as to a fluctuation in the 
amount of light emission among the pixels. 

[0067] As a result, the fluctuation in the amount of light emission from each pixels of a single-chip light emission ele- 
ment array was within ±3%, and the fluctuation in the amount of light emission among the four single-chip light emission 
35 element arrays was also within ±37©. 
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Table 1 

Materials used for the hole transport layer 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 2 

Materials used for the electron transport layer 
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Table 2 (continued) 




14 



EP 0 916 506 A2 



Table 2 (continued) 
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Table 3 
Dopant dyes 
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55 [0068] As explained in the foregoing, the present invention employs the novel single-chip light emission element 
arrays instead of the conventional jointed LED's, thereby reducing the cost of the light emission element array in the 
image forming apparatus, and improving the color reproducibility in the main scanning direction. Also, since the four sin- 
gle-chip light emission element arrays provided respectively corresponding to the photosensitive members are taken 



16 




EP 0 916 506 A2 

from a single substrate and have therefore substantially equal light emission characteristics, the compensation of the 
characteristics among the different element arrays can be dispensed with and the cost required therefor can be signif- 
icantly reduced. 

5 Claims 

1 . An image forming apparatus comprising: 

a photosensitive member; 

w an exposure means including a single-chip light emission element array formed by integrating a plurality of light 

emitting elements in a single chip which exposure means executes the exposure in the main scanning direction 
relative to the movement of the photosensitive member, by the light emission from said single-chip light emis- 
sion element array; and 

a developing means provided around said photosensitive member. 

15 

2. The image forming apparatus according to claim 1 , wherein said light emitting element is an organic light emitting 
element. 

3. The image forming apparatus according to claim 1 , wherein said photosensitive member is an electrophotographic 
20 photosensitive member. 

4. The image forming apparatus according to claim 3, wherein said electrophotographic photosensitive member is an 
organic electrophotographic photosensitive member. 

25 5. The image forming apparatus according to claim 3, wherein said electrophotographic photosensitive member is an 
inorganic electrophotographic photosensitive member. 

6. The image forming apparatus according to claim 5, wherein said inorganic electrophotographic photosensitive 
member is an amorphous silicon electrophotographic photosensitive member. 

30 

7. An image forming apparatus comprising: 

a plurality of photosensitive members provided mutually independently; 

an exposure means including a plurality of single-chip light emission element arrays obtained by forming, on a 
35 single substrate, a plurality of light emission element arrays each consisting of a plurality of light emitting ele- 

ments and separating each of said plurality of light emission element arrays, and constructed by positioning 
said plurality of single-chip light emission element arrays respectively corresponding to said plurality of photo- 
sensitive members; and 

a plurality of developing means provided respectively around said plurality of photosensitive members. 

40 

8. The image forming apparatus according to claim 7, wherein said light emitting element is an organic light emitting 
element. 

9. The image forming apparatus according to claim 7, wherein said photosensitive member is an electrophotographic 
45 photosensitive member. 

1 0. The image forming apparatus according to claim 9, wherein said electrophotographic photosensitive member is an 
organic electrophotographic photosensitive member. 

so 11. The image forming apparatus according to claim 9, wherein said electrophotographic photosensitive member is an 
inorganic electrophotographic photosensitive member. 

12. The image forming apparatus according to claim 11, wherein said inorganic electrophotographic photosensitive 
member is an amorphous silicon electrophotographic photosensitive member. 

55 

1 3. The image forming apparatus according to claim 7, wherein said photosensitive members disposed independently 
each other are each in the form of a drum and are arrayed linearly. 
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14. The image forming apparatus according to claim 7, wherein the single-chip light emission element arrays posi- 
tioned respectively corresponding to said photosensitive members are independently connected to a first drive 
means for driving cyan image information for forming a cyan image, a second drive means for driving magenta 
image information for forming a magenta image, and a third drive means for driving yellow image information for 

5 forming a yellow image. 

15. The image forming apparatus according to claim 7, wherein the single-chip light emission element arrays posi- 
tioned respectively corresponding to said photosensitive members are independently connected to a first drive 
means for driving cyan image information for forming a cyan image, a second drive means for driving magenta 

io image information for forming a magenta image, a third drive means for driving yellow image information for forming 
a yellow image, and a fourth drive means for driving black image information for forming a black image. 

16. The image forming apparatus according to claim 7, wherein said developing means comprise a first developing 
means for generating a cyan image, a second developing means for generating a magenta image, and a third 

75 developing means for generating a yellow image which are independently operable each other. 

17. The image forming apparatus according to claim 7, wherein said developing means comprise a first developing 
means for generating a cyan image, a second developing means for generating a magenta image, a third develop- 
ing means for generating a yellow image, and a fourth developing means for generating a black image which are 

20 independently operable each other. 

18. The image forming apparatus according to claim 7, wherein the chip of said single-chip light emission element array 
has such a length that the exposure in the main scanning direction relative to the movement of the photosensitive 
member can be performed with one single chip. 

25 

19. The image forming apparatus according to claim 7, wherein said photosensitive members are respectively in the 
form of a drum having the same diameter. 

20. The image forming apparatus according to claim 7, wherein said photosensitive members are formed from photo- 
30 sensitive layers of the same kind. 

21 . An exposure device (8) for use as exposure means in the image forming apparatus of claim 1 , comprising: 

a linear array (200) of light emitting elements (401-403); 
35 a drive circuit array (202) having a respective driver for each light emitting element; and 

a wiring interface (201) connecting each light emitting element to its respective driver; 
characterised in that 

said linear array is comprised of a single jointless substrate (303)"on which are provided said light emitting ele- 
ments (401-403) spaced apart and spanning a distance not less than the main scanning distance (D) of the 
40 image forming apparatus for which it is intended, each light emitting element comprising an anode (403), an 

electroluminescent composite layer (401) of an organic hole transport layer and an electron transport layer, 
and a common cathode. 

22. A method of producing a set of exposure devices (8a-8d) for use as exposure means in the image forming appara- 
45 tus of claim 7, each exposure device comprising a linear array (200) of light emitting elements, a drive circuit array 

(202) having a respective driver for each light emitting element, and a wiring interface (201) connecting each light 
emitting element to its respective driver, which method is performed by: 

forming transparent anode electrodes (403) for each linear array (200) on the surface of a common transparent 
so substrate (303); 

forming an electroluminescent composite layer (401), comprising an organic hole transparent layer and an 

electron transparent layer, on each anode electrode (403); 

infilling the spaces between anode electrodes with a sealant (405); 

forming a respective common cathode for each linear array; 
55 cleaving (302) said common transparent substrate to separate each respective linear array; and 

assembling each linear array with its respective wiring interface and drive circuit array to complete each expo- 
sure device (8a-8d). 
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23. The exposure device of claim 21 or one of the exposure devices (8a-8d) produced by the method of claim 22, 
arranged in cooperative combination with a photosensitive drum (1a-1d) together with a signal generation circuit 
(204a-204d) arranged for controlling the drive circuit array (202) thereof, and an image information processing 
device (205) for controlling operation of said signal generation circuit. 
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FIG. 2 
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FIG. 3 
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